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(54) System and method for mapping packet data functional entities to elements in a 
communications network 



(57) A system and method for mapping packet data 
functional entities to elements in a communication net- 
work is disclosed. The system allows the PPP/HDLC 
protocol to terminate in the packet data serving node 
(PDSN) element, and isolates the radio access network 
(RAN) element, which performs functions associated 



with the radio network, from the PDSN which performs 
functions associated with the data network. The system 
also includes a common link layer for coupling the RAN 
and the PDSN and provides communication through a 
common link layer identifier on a per wireless commu- 
nication device basis. 
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Description 
Background 

[0001] This application relates generally to communi- 
cation systems and, more particularly, to a system and 
method tor mapping packet data functional entities to 
elements in a communication network. 
[0002] There are many types of multiple-frequency 
mobile network technologies, including global systems 
for mobile ("GSM"), time division multiple access ("TD- 
MA"), and advanced mobile phone service ("AMPS") in 
addition to common frequency technologies such as 
code division multiple access ("CDMA"). Likewise, there 
are many types of packet data technology that are being 
implemented with these mobile network technologies. 
For example, global packet radio services ("GPRS") and 
enhanced data rate for GSM evolution ("EDGE") tech- 
nologies are being developed to implement packet data 
technology for GSM and TDM A networks, respectively. 
These packet data technologies often interface with 
conventional networks, such as the Internet or the Pub- 
lic Switched Telephone Network (PSTN). These net- 
works implement protocols that define data interaction 
on various levels, or layers of operation. 
[0003] Wireless communication networks, such as 
those described above, include functional entities for 
performing various actions. Functional entities repre- 
sent a set of services for establishing and serving links 
between different elements in a communication net- 
work. Certain services commonly available include Mo- 
bile internet protocol (IP) and Simple IP. Mobile IP serv- 
ices are provided via a constant IP address that is main- 
tained as a mobile station (potentially with a computer) 
moves through the communication network. Alternative- 
ly, Simple IP services are provided to the mobile station 
via a temporary IP address for a single session Typically, 
a Packet Data Serving Node (PDSN) processes Mobile 
IP registration messages and establishes a mobile IP 
tunnel between a radio access network (RAN) of the 
wireless communication network and the data network 
(e.g., the Internet). 

[0004] For protocols other than IP, a mobile station 
may communicate by using Protocol Data Units (PDUs). 
PDUs are not easily routed over the Internet infrastruc- 
ture but can, however, be transmitted over the Internet 
by being encapsulated within IP Alternatively, a secure 
tunnel between a current point of attachment for the mo- 
bile station and a enterprise network may be desired for 
remote access. Mobile IP requires the creation of a tun- 
nel so that the network can transmit IP packets to a care- 
of address for the mobile station. A conventional method 
for mapping functional entities to the RAN and PDSN is 
disclosed in contribution TR45.6/98. 10.20.22. This con- 
ventional method maps functional entities to the RAN 
and PDSN in a specific manner. The RAN encompasses 
all access specific and air interface technology depend- 
ent functional entities while the PDSN, on the other 



hand, only consists of resources of the IP network. The 
PDSN is therefore unaware of the resources of the RAN. 
[0005] In this approach, a Point-to- Point Protocol 
(PPP) / High-Level Data Link Control (HDLC) link layer 
s is terminated in the RAN which performs the functions 
associated with the radio subnetwork. These functions 
include: monitoring the reachability status of the mobile 
station, buffering any data during periods when the mo- 
bile station is not reachable, and mapping the Interna- 
io tional Mobile Subscriber Identity (I MSI) and Connection 
Reference (CR) values to an air interface PPP/HDLC 
connection. The IMSI and CR values are identifiers that 
are used to differentiate between the simultaneous re- 
ception of voice and data. 
15 [0006] In addition, the RAN maps IMSI/CR values to 
a link layer identifier between the RAN and PDSN, and 
implements and terminates the PPP protocol from the 
mobile. For Mobile IP services, the RAN need not im- 
plement the IP Control Protocol (IPCP), which is part of 
20 the PPP and is responsible for assigning IP addresses, 
or the Challenge Authentication Protocol (CHAP), which 
uses a challenge and response "pair" to authenticate the 
mobile. For Simple IP services, however, these proto- 
cols may be needed. Further, the RAN forwards all layer 
25 3 packets between the PDSN and the mobile. 

[0007] Prior art approaches such as these have a 
number of limitations. One such limitation is the incon- 
sistency found between Mobile IP and Simple IP. For 
example, the PDSN assigning IP addresses to the mo- 
30 bile station requires a mechanism such as a Dynamic 
Host Configuration Protocol (DHCP) client to be activat- 
ed between the PDSN and the mobile station for Simple 
IP service. However, DHCP is inherently supported for 
Mobile IP service using a Mobile IP registration at the 
35 PDSN. Additionally, authenticating the mobile station at 
the PDSN is difficult to do for Simple IP service because 
there is no PDSN authentication procedure, while such 
authentication is inherently supported for Mobile IP 
service (using a Mobile IP registration at the PDSN). 
40 [0008] Further, to allow the collection of accounting 
information for Simple IP service would require an ac- 
counting client (which is a type of AAA protocol such as 
a RADIUS client) in the RAN because of no authentica- 
tion capability at the PDSN. For Mobile IP service, how- 
45 ever, accounting information is collected at the PDSN 
which acts as a AAA client. Further still, for the mobile 
station to "attach" (connect) and -detach" (drop) itself 
from the PDSN for Simple IP service, the DHCP must 
be implemented between the PDSN and the mobile sta- 
50 tion. For Mobile IP service, however, the Mobile IP reg- 
istration procedure is used at the PDSN. 
[0009] Another prior art limitation regards the fact that 
the PPP/HDLC link layer is implemented in the RAN. 
Furthermore, the RAN must maintain and manage a 
55 pool of IP addresses and assign them to mobiles using 
Simple IP service. As such, it is difficultto make the RAN 
unaware of data specific protocols. 
[0010] The prior art actions of adding login/password 
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capabilities, collecting account information at the RAN, 
having the RAN act as a AAA client, and implementing 
the PPP protocol at the RAN increase the operation and 
design complexity of the mobile station, RAN, and PD- 
SN. 

[0011] Therefore, an improved system and method for 
mapping packet data functional entities to elements in 
a communication network is desired to reduce or elimi- 
nate these limitations and design complexities. 

Summary 

[0012] In response to these and other limitations, pro- 
vided herein is a unique system and method for mapping 
packet data functional entities to elements in a commu- 
nication network. In one embodiment, the system allows 
the PPP/HDLC protocol to terminate in the PDSN ele- 
ment. This isolates the RAN element from the PDSN, 
and provides communication through a common link 
layer identifier As a result, the RAN is coupled to the 
PDSN on a per mobile station basis. 
[0013] In some embodiments, the system forwards all 
layer 2 data between the PDSN and the wireless com- 
munication device through the RAN. The RAN may also 
perform functions associated with a radio network that 
require no data specific protocols. 
[0014] In some embodiments, the PDSN also per- 
forms functions associated with a data network, includ- 
ing user authentication and IP address assignment, re- 
gardless of the type of service utilized. 
[0015] In some embodiments, the communication is 
provided through the common link layer identifier by 
mapping an international mobile subscriber identifier 
(IMS!) and a connection reference (CR) to an air inter- 
face channel through the RAN. The RAN is also used 
for mapping the IMSI and the CR to the common link 
layer identifier. Furthermore, the PDSN is used for map- 
ping a network access identifier (NAI) of a user and an 
internet protocol (IP) address to the common link layer 
identifier, regardless of the type of service utilized. 
[0016] In some embodiments, the common link layer 
is maintained by coupling between the RAN and the PD- 
SN when the wireless communication device is in a dor- 
mant state. 

[0017] These advantages, as well as others which will 
become apparent, are described in greater detail with 
respect to the drawings and the following disclosure. 

Brief Description of the Drawings 

[0018] Fig. 1 is a diagrammatic view of a system of 
the present invention 

[001 9] Fig. 2 is a prior art diagrammatic view of mobile 
station, RAN, and PDSN protocol stacks. 
[0020] Fig. 3 is a diagrammatic view of mobile station, 
RAN : and PDSN protocol stacks of the present inven- 
tion. 

[0021] Fig. 4 is a diagrammatic view of a computer 



and memory of the present invention. 

[0022] Fig. 5 is a flow chart of a method for protocol 

mapping of the present invention. 

5 Detailed Description 

[0023] Fig. 1 depicts a communication network sys- 
tem 1 0 for implementing one embodiment of the present 
invention. The system 10 includes a plurality of comput- 

10 ers 1 2 coupled to a plurality of mobile stations, or simply 
mobiles 1 4. The computers 1 2 may be laptop computers 
and the mobiles 14 may be mobile telephones. It is un- 
derstood that the following disclosure provides many dif- 
ferent embodiments, or examples, for implementing dif- 

15 ferent features. Techniques and requirements that are 
only specific to certain embodiments should not be im- 
ported into other embodiments. Also, specific examples 
of networks, components, and messages are described 
below to simplify the present disclosure. These are, of 

20 course, merely examples and are not intended to limit 
the invention from that described in the claims. 
[0024] The mobiles 1 4 communicate with a Radio Ac- 
cess Network (RAN) 18 via an air interface 16 In the 
present example, the air interface 16 utilizes Code Di- 

25 vision Multiple Access (CDMA) to transfer messages 
between the mobiles 14 and the RAN 18 via certairt ra- 
dio frequency (air interface) channels. It is understood 
that air interfaces are well known to those of ordinary 
skill in the art. 

30 [0025] In the present embodiment, the RAN 18. in- 
cludes a base transceiver station, a base station con- 
troller, a mobile switching station, and may also include 
other necessary elements such as a home location reg- 
ister, a visitor location register, and communication 

35 nodes (such as those described in interim standard IS- 
41). The mobile switching station (not shown) of the 
RAN 1 8 is coupled to a voice network 22. The voice net- 
work 22 includes the Public Switch Telephone Network 
(PSTN, not shown) which includes the necessary hard- 

40 ware and software, such as DMS-MTX, DMS-250, or 
DMS-500 switches manufactured by Nortel Networks 
Corporation, to direct calls placed and received from 
voice terminals, such as telephones, and/or from data 
terminals, such as computers. 

45 [0026] The PSTN may also accommodate wireless 
calls from the plurality of mobiles 14 via the voice net- 
work 22. The description of the voice network 22, includ- 
ing the PSTN and the switches, has been greatly sim- 
plified because these elements are well known to those 

50 of ordinary skill in the art. 

[0027] The RAN 1 8 is coupled to a Packet Data Serv- 
ing Node (PDSN) 20 via a common link layer 32 (also 
known as an R-P interface). The PDSN 20 is involved 
solely with packet data functions and is considered to 

55 be a part of a data/Internet Protocol (IP) packet network 
26. The PDSN 20 acts as a Foreign Agent (FA) 24 which 
may be a router on a mobile's visited network that pro- 
vides routing services while the mobile is registered with 
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the system 10. The mobile 14 may be thought of as a 
host that changes its point of attachment from one net- 
work to another. 

[0028] The common link layer 32 maintains the cou- 
pling between the RAN 18 and the PDSN 20 when the 
mobile (that has packet data service) is in an active or 
dormant state. The common link layer 32 may also pro- 
vide a link layer connection (for transporting link layer 
information instead of only IP packets) that is supported 
within various networks such as IP, ATM, and Frame Re- 
lay. 

[0029] Certain services are available via the system 
10 including Mobile IP and Simple IP. Mobile IP services 
are provided via a constant IP address that is main- 
tained as a mobile 14 and computer 12 move through 
the system Simple IP services are provided via a tem- 
porary IP address for a single session. The PDSN 20 
performs FA 24 functions for Mobile IP services. Such 
functions include processing Mobile IP registration mes- 
sages and terminating the mobile IP tunnel (tunnels are 
needed for a variety of reasons in the Internet. 
[0030] The PDSN 20 may also act as an Authentica- 
tion, Authorization, and Accounting (AAA) 28 client to 
authenticate the mobile 1 4 and collect accounting infor- 
mation (such as for billing). 

[0031] The PDSN 20 is coupled to a data/IP network 
26 that provides data services via components such as 
edge and backbone routers, servers hosting different 
services (e.g. email and Web services), and data termi- 
nals. An example of a data/IP network is the global in- 
ternet. In such a network, ail components communicate 
using IP. A plurality of physical media and link layer pro- 
tocols may be used to support IP in these types of net- 
works. The various components and protocols of a data/ 
IP network are represented by various standards (such 
as the Internet Engineering Task Force (IETF)), are 
known to those of average skill in the art and have been 
greatly simplified. 

[0032] The PDSN 20 and a Home Agent (HA) 30 com- 
municate via the data/IP network 26. The HA 30 main- 
tains a user's account and registration information and 
may tunnel user data to the PDSN 20 (and vice versa). 
The HA 30 may be thought of as a router on the mobile's 
14 home network that maintains current location infor- 
mation for the mobile 1 4. 

[0033] It is understood that the RAN 1 8, PDSN 20, FA 
24, AAA 28 and HA30 have been discussed by various 
standards, such as the IETF, the International Telecom- 
munications Union (ITU) for International Mobile Tele- 
communications 2000 (IMT-2000) and the Telecommu- 
nications Industry Association (T1A) Standards Sub- 
committee TR45.6. 

[0034] It is desired to map packet data (such as third 
generation, or "3G") functional entities to the radio ac- 
cess network RAN 18 and to the PDSN 20 network el- 
ements. Referring now to Fig. 2, a prior art diagrammatic 
view of protocol stacks for a mobile station, a RAN, and 
a PDSN is designated with the reference numeral 31. 



These components are different from the components 
used in Fig. 1, and are therefore designated as mobile 
station 14', RAN 18', and PDSN 20'. The protocol stacks 
for the RAN 18' include a PPP/HDLC link layer 32 ter- 
5 mination. The RAN 18' assigns an IP address to the mo- 
bile station utilizing Simple IP services. As discussed in 
the Background section of the present disclosure, this 
protocol stack suffers certain problems and limitations. 
[0035] Referring now to Fig. 3, the mobile station 1 4, 
10 RAN 18 and the PDSN 20 of the present invention use 
an improved protocol stack 35. The RAN 18 only per- 
forms the functions associated with the radio subnet- 
work. These functions include managing all air interface 
resources (such as RF channels), monitoring the reach- 
is ability status of the mobile (i.e. whether the mobile is 
active or dormant), buffering any data during periods 
when the mobile is not reachable, and mapping the I MS I 
and CR values to a link layer identifier between the RAN 
18 and the PDSN 20. The IMSI and CR values are iden- 
20 tifiers that are used to differentiate between the simul- 
taneous reception of voice and data to an air interface 
channel (not to a PPP/HDLC connection as with the pri- 
or art). The RAN 18 relays 36 (or forwards) all layer 2 
data between the PDSN 20 and the mobile station 14 
2S (as opposed to the prior art which relays all IP layer 3 
packets). 

[0036] The PDSN 20 only performs functions associ- 
ated with the IP/data network. For example, it imple- 
ments and terminates the PPP/HDLC protocol 38 from 

30 the mobile station 14. In the prior art, the PPP/HDLC 
protocol was implemented and terminated in the RAN 
18' (Fig. 2). As such, the RAN 18' was required to make 
IP addresses available to the computer 12 which is not 
an action the RAN is designed to do. This introduces 

35 additional complexities to the prior art design because 
the RAN 18' must perform functions associated with a 
data network. 

[0037] The PDSN 20 also handles user authentication 
for both Simple IP and Mobile IP services, and IP ad- 
40 dress assignment using CHAP and IPCP for Simple IP 
service and the Mobile IP registration process for Mobile 
IP service. The PDSN 20 also performs the FA functions 
for Mobile IP service. 

[0038] Regardless of the type of service, the PDSN 
45 maps the NAI to the IP address on the packet network 
side 26, as well as mapping NAI/IP to a link layer ID 
between the PDSN 20 and the RAN 18. Additionally, the 
PDSN 20 acts as a AAA client to authenticate the mobile 
station 14 and collect accounting information. 
so [0039] Referring now to Fig 4, a computer 40 including 
a processor 42 and memory 44 may be utilized by the 
present embodiment. The computer 40 may be a per- 
sonal computer or laptop 1 2, the mobile terminal 1 4, the 
RAN 18, the PDSN 20, and/or any device that can send 
55 and receive data/IP information. Alternatively, the com- 
puter 40 may be representative of several different ele- 
ments in the communication network system 10. The 
processor 42 may be a central processing unit, digital 
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signal processor, microprocessor, microcontroller, mi- 
crocomputer, and/or any device that manipulates digital 
information based on programming instructions. The 
memory 44 may be read-only memory, random access 
memory, flash memory and/or any device that stores s 
digital information. The memory 44 is coupled to the 
processor 42 and stores programming instructions that, 
when read by the processor, cause the processor to per- 
form certain processing operations. 

[0040] Referring now to Fig. 5, a method for protocol to 
mapping may be implemented by the computer 40 of 
Fig. 4. The method begins at step 50 where a PPP/ 
HDLC protocol is terminated in the PDSN. At step 52, 
the RAN is isolated from the PDSN. The method pro- 
ceeds to step 54 where communication is provided is 
through a common link layer identifier on a per mobile 
basis, where the common link layer couples the RAN 
and the PDSN. 

[0041] The present invention thus enjoys several ad- 
vantages. For example, the prior art actions of adding 20 
login/password capabilities, collecting account informa- 
tion at the RAN, having the RAN act as a AAA client, 
and implementing the PPP protocol at the RAN, are no 
longer necessary. As a result, the operation and design 
complexity of the mobile station, RAN, and PDSN issig- 25 
nificantly reduced. The approach of the present disclo- 
sure also provides a consistent architecture for both Mo- 
bile IP and Simple IP based services. 
[0042] It is understood that variations may be made 
in the foregoing without departing from the scope of the 30 
present invention For example, the system may include 
additional networks (such as a "multi -media" network), 
elements that provide radio and data services, and de- 
vices such as network appliances. Additionally, the func- 
tionality of the computer 12 and the mobile 14 may be 35 
combined, resulting in a single device. Further, a plural- 
ity of PDSNs 20 may be utilized in the communication 
network system 10. Still further, the PPP may only be 
used for Simple IP services and not for Mobile IP serv- 
ices to avoid employing IPCP and CHAP. As such, the *o 
PPP may be terminated at the PDSN for Simple IP serv- 
ice, while the HDLC protocol may be terminated at the 
PDSN (or no link framing at all) for Mobile IP service. 
[0043] It is understood that other modifications, 
changes and substitutions are intended in the foregoing 45 
disclosure and in some instances some features of the 
disclosure will be employed without corresponding use 
of other features. The system allows the PPP/HDLC 
protocol to terminate in the packet data serving node 
(PDSN) element, and isolates the radio access network so 
(RAN) element, which performs functions associated 
with the radio network, from the PDSN which performs 
functions associated with the data network. The system 
also includes a common link layer for coupling the RAN 
and the PDSN and provides communication through a ss 
common link layer identifier on a per wireless commu- 
nication device basis. 



Claims 

1 . A method for protocol mapping in a communication 
network, the method comprising the steps of: 

terminating a point-to-point protocol (PPP)/ 
High-Level Data Link Control (HDLC) protocol 
in a packet data serving node (PDSN); 
isolating a radio access network (RAN) from the 
PDSN; and 

providing communication through a common 
link layer identifier on a per wireless communi- 
cation device basis, wherein the common link 
layer couples the RAN and the PDSN. 

2. The method of claim 1 further comprising the step 
of forwarding all layer 2 data between the PDSN 
and the wireless communication device by the 
RAN. 

3. The method of claim 1 further comprising the step 
of performing, by the RAN, functions associated 
with a radio network, wherein the functions require 
no data specific protocols. 

4. The method of claim 1 further comprising the step 
of performing, by the PDSN, functions associated 
with a data network, wherein the functions include 
user authentication and IP address assignment, re- 
gardless of the type of service utilized. 

5. The method of claim 1, wherein the step of providing 
communication through the common link layer iden- 
tifier, further comprises the steps of: 

mapping, by the RAN, an international mobile 
subscriber identifier (IMSI) and a connection 
reference (CR) to all air interface channel, 
mapping, by the RAN, the IMSI and the CR to 
the common link layer identifier, and 
mapping, by the PDSN, a network identifier 
(NAI) of a user and an internet protocol (IP) ad- 
dress to the common link layer identifier, re- 
gardless of the type of service utilized. 

6. The method of claim 1 further comprising the step 
of maintaining, by the common link layer, the cou- 
pling between the RAN and the PDSN when the 
wireless communication device is in a dormant 
state. 

7. A system for protocol mapping in a communications 
network, the system comprising: 

means for terminating a point-to-point protocol 
(PPP) )/High-Level Data Link Control (HDLC) 
protocol in a packet data serving node (PDSN); 
means for isolating a radio access network 
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(RAN) from the PDSN; and 
means for providing communication through a 
common link layer identifier on a per wireless 
communication device basis, wherein the com- 
mon link layer couples the RAN and the PDSN. 

8. The system of claim 7 further comprising means for 
forwarding, by the RAN, all layer 2 data between 
the PDSN and the wireless communication device. 

9. The system of claim 7 further comprising means for 
performing, by the RAN, functions associated with 
a radio network, wherein the functions require no 
data specific protocols. 

10. The system of claim 7 further comprising means for 
performing, by the PDSN, functions associated with 
a data network, wherein the functions include user 
authentication and IP address assignment, regard- 
less of the type of service utilized. 

1 1 . The system of claim 7, wherein the means for pro- 
viding communication through the common link lay- 
er identifier, further comprises: 

means for mapping, by the RAN, an internation- 
al mobile subscriber identifier (I MSI) and a con- 
nection reference (CR) to an air interface chan- 
nel; 

means for mapping, by the RAN, the I MSI and 
the CR to the common link layer identifier; and 
means for mapping, by the PDSN, a network 
identifier (NAI) of a user and an internet proto- 
col (IP) address to the common link layer iden- 
tifier, regardless of the type of service utilized. 

12. The system of claim 7 further comprising the step 
of maintaining, by the common link layer, the cou- 
pling between the RAN and the PDSN when the 
wireless communicatbn device is in a dormant 
state. 

13. A communication system comprising: 

a plurality of wireless communication devices; 
a packet data serving node (PDSN); 
a radio access network (RAN) that forwards 
layer 2 data between the PDSN and the plural- 
ity of wireless communication devices; 
a data network coupled to the PDSN; and 
a voice network coupled to the RAN. 

14. The system of claim 13 : wherein the plurality of 
wireless communication devices may be coupled to 
a plurality of computers. 

15. The system of claim 13 wherein the PDSN termi- 
nates a point-to-point protocol (PPP) )/High- Level 



Data Link Control (HDLC) protocol and the RAN is 
isolated from the PDSN, the system further com- 
prising: 

means for providing communication through 
5 a common link layer identifier on a per wireless 
communication device basis, wherein the common 
link layer couples the RAN and the PDSN. 

16. The system of claim 13 wherein the RAN forwards 
io all the layer 2 data between the PDSN and the wire- 
less communication device. 

17. The system of claim 1 3 wherein the RAN performs 
functions associated with a radio network, the func- 

is tions requiring no data specific protocols. 

18. The system of claim 1 3 wherein the PDSN performs 
functions associated with a data network, the func- 
tions including user authentication and IP address 

20 assignment, regardless of the type of service uti- 
lized. 

19. The system of claim 13, wherein the RAN maps an 
international mobile subscriber identifier (I MSI) and 

2S a connection reference (CR) to all air interface 
channel and maps the IMSI and the CR to the com- 
mon link layer identifier; and 

wherein the PDSN maps a network identifier 
(NAI) of a user and an internet protocol (IP) address 

30 to the common link layer identifier, regardless of the 
type of service utilized. 

20. The system of claim 1 3 wherein the common link 
layer maintains the coupling between the RAN and 

3S the PDSN when the wireless communication device 
is in a dormant state. 

21. A computer program for use in a communication 
network, comprising instructions for: 

40 

terminating a point-to-point protocol (PPP) )/ 
High-Level Data Link Control (HDLC) protocol 
in a packet data serving node (PDSN); 
isolating a radio access network (RAN) from the 
45 PDSN; and 

providing communication through a common 
link layer identifier on a per wireless communi- 
cation device basis, wherein the common link 
layer couples the RAN and the PDSN. 

so 

22. The computer program of claim 21 further compris- 
ing instructions for forwarding, via the RAN, all layer 
2 data between the PDSN and the wireless commu- 
nication device. 

55 

23. The computer program of claim 21 further compris- 
ing instructions for performing, via the RAN, func- 
tions associated with a radio network, wherein the 
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functions require no data specific protocols. 

24. The computer program of claim 21 further compris- 
ing instructions for performing, via the PDSN, func- 
tions associated with a data network, wherein the 5 
functions include user authentication and IP ad- 
dress assignment, regardless of the type of service 
utilized. 

25. The computer program of claim 21 further compris- 10 
ing instructions for: 

mapping, by the RAN, an international mobile 
subscriber identifier (IMS!) and a connection 
reference (CR) to an air interface channel; 15 
mapping, by the RAN, the IMSI and the CR to 
the common link layer identifier; and 
mapping, by the PDSN, a network identifier 
(NAI) of a user and an internet protocol (IP) ad- 
dress to the common link layer identifier, re- 20 
gardless of the type of service utilized. 

26. The computer program of claim 21 further compris- 
ing instructions for maintaining, by the common link 
layer, the coupling between the RAN and the PDSN 2S 
when the wireless communication device is in a dor- 
mant state. 
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